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Abstract
Background
Although the prevalence of smoking is low in Ghana, little is known about the effect of migra-
tion on smoking. Comparing Ghanaians living in their country of origin to those living in
Europe offers an opportunity to investigate smoking by location of residence and the associ-
ations between smoking behaviours and migration-related factors.
Methods
Data on a relatively homogenous group of Ghanaians living in London (n = 949), Amsterdam
(n = 1400), Berlin (n = 543), rural Ghana (n = 973) and urban Ghana (n = 1400) from the
cross-sectional RODAM (Research on Obesity & Diabetes in African Migrants) study were
used. Age-standardized prevalence rates of smoking by location of residence and factors
associated with smoking among Ghanaian men were estimated using prevalence ratios
(PR: 95% CIs).
Results
Current smoking was non-existent among women in rural and urban Ghana and London but
was 3.2% and 3.3% in women in Amsterdam and Berlin, respectively. Smoking prevalence
was higher in men in Europe (7.8%) than in both rural and urban Ghana (4.8%): PR 1.91:
95% CI 1.27, 2.88, adjusted for age, marital status, education and employment.
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Factors associated with a higher prevalence of smoking among Ghanaian men included
European residence, being divorced or widowed, living alone, Islam religion, infrequent
attendance at religious services, assimilation (cultural orientation), and low education.
Conclusion
Ghanaians living in Europe are more likely to smoke than their counterparts in Ghana, sug-
gesting convergence to European populations, although prevalence rates are still far below
those in the host populations.
Introduction
Worldwide, tobacco smoking is one of the strongest modifiable risk factors for chronic dis-
eases.[1] Smoking prevalence differs across and within geographical world regions,[2] includ-
ing sub-Saharan Africa (SSA).[3] Smoking prevalence in Ghana is considerably low, compared
to other SSA and high income countries.[4, 5] Differences in smoking prevalence between
migrants from the same country living in different locations were previously observed.[6]
Smoking behaviour in migrant populations may change partly due to adopting the smoking
norms of host populations,[7] and the influence of tobacco control policies, anti-smoking
interventions,[8] socio-demographic characteristics,[9] religious affiliations,[10] family,[11]
and community-level attitudes.[12]
Migrants from 3 SSA countries living in the US had significantly lower prevalences of
smoking compared to non-migrant peers in their countries of origins.[13] Smoking data are
unavailable for SSA migrants in Europe compared to SSA. Research conducted in England
and Wales reported the prevalence of smoking was 4.4% among SSA migrant women,[14]
which was higher than that seen among women in most African countries in SSA.[3] SSA men
had a 14.4% prevalence of smoking in UK and Wales.[14] This was similar to the smoking
prevalences observed among men in several SSA countries in recent studies. The smoking
prevalence is much higher in the European region (approximately 35%) than the Americas
(approximately 25%).[15] The factors which influence smoking behaviour among SSA
migrants in Europe compared to the home countries are unknown. Preventing smoking
uptake is a crucial step in reducing disproportionately increased burdens of cardiovascular dis-
eases among African ethnic groups in Europe.[16]
This research aimed to describe smoking patterns in Ghanaians living in rural and urban
Ghana compared to European cities, namely London, Amsterdam and Berlin and to deter-
mine the factors associated with smoking.
Methods
Study design and setting
Briefly, the RODAM Study (Research on Obesity & Diabetes among African Migrants) is a
multi-centre cross-sectional study of the prevalence and associated factors of obesity and dia-
betes among Ghanaians aged 25–70 living in London, Amsterdam, Berlin, rural and urban
Ghana.[17]
Data were collected between 2012 and 2015 through structured questionnaires on socio-
demographic factors, lifestyle practices, and health outcomes administered by trained research
assistants. Ethical approval was granted by the relevant ethics committees in (School of
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Medical Sciences/Komfo Anokye Teaching Hospital Committee on Human Research, Publica-
tion & Ethical Review Board), the Netherlands (Institutional Review Board of the AMC, Uni-
versity of Amsterdam), Germany (Ethics Committee of Charite-Universitatsmedzin Berlin)
and the UK (London School of Hygiene and Tropical Medicine Research Ethics Committee)
prior to data collection.[17] Written informed consent was obtained from all participants.
Study population
A Ghanaian was defined as either born in Ghana (first-generation) with at least one Ghana-
born parent, or born elsewhere but both parents born in Ghana (second-generation). A multi-
stage random sampling method was employed in Ghana using the list of enumeration areas in
the Ashanti region stratified by urban and rural areas. In Amsterdam, Ghanaians were ran-
domly selected from the Amsterdam Municipal Health register. In London, recruitment
occurred through Ghanaian-based organisations and churches since no list of Ghanaian resi-
dents was available. In Berlin, a list of Ghanaian participants was provided by the registration
office but due to low response to the written invitation, recruitment was changed to include
Ghanaian-based organisations and churches as the sampling frame. From those invited, 76%
in rural Ghana, 74% in urban Ghana, 75% in London and 68% in Berlin participated. In
Amsterdam, 67% of those invited responded and of this 53% participated in the study.
Smoking assessment
Determination of current smoker, ex-smoker or never smoker was based on either a ‘Yes’, ‘No,
but I used to smoke’ or ‘No, I’ve never smoked’ response to the question ‘Do you smoke at
all?’.
Assessment of covariates
Questionnaire items included, among others, marital status, household composition, religious
practises, frequency of engagement with religious activities, educational level, employment sta-
tus (employed vs unemployed), occupational class (manual or non-manual), duration of resi-
dence in Europe and age at migration to Europe.
Berry’s model of acculturation was assessed using the bi-dimensional perspective; cultural
orientation and ethnic identity (psychological domains), and social networks (behavioural
domain).[18] This conceptualised the degree of retention or attachment of participants to both
the original Ghanaian culture and the Dutch/German/English culture. Cultural orientation
was measured using the Psychological Acculturation Scale.[19] Social networks was deter-
mined from the number of and time spent with Dutch/German/English friends. Ethnic iden-
tity was determined from the degree to which individuals felt Ghanaian/Dutch/German/
English. Scores were assigned using a 5 point Likert scale. Mean scores were then grouped into
Yes/No if3 or <3 respectively. Acculturation levels were categorized into four: 1) Integra-
tion: adaptation to the host culture without losing attachment to the original culture. 2) Assim-
ilation: cultural adaptation to the host culture accompanied by loss of original culture. 3)
Separation: rejection to host culture and orientation to original culture. 4) Marginalization:
rejection of both host and culture of origin.
Data analysis
Using Stata version 14.1, general characteristics, using numbers and percentages, stratified by
location of residence and gender were reported. Between group comparisons utilised chi-
squared tests for categorical variables, mean difference and t-tests for continuous normally
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distributed variables and median (95% CIs) for non-normally distributed continuous vari-
ables. To uphold the RODAM participant inclusion criteria only the 25 to 70 age group was
selected.[17] Age-standardised prevalence rates of current and ex-smokers were determined
using the entire RODAM population as the standard population stratified by 10-year age
groups.
Due to the few male smokers in Ghana (n = 35) and Europe (n = 94), the factors associated
with smoking were evaluated in the total male population, first adjusting for age only, then
for age, marital status, education and employment simultaneously to control for possible
confounding.
In order to determine whether the effect of residence (Ghana vs Europe) on smoking varied
by gender, interactions were tested for using likelihood ratio tests. These were also performed
to assess potential interactions with other factors (religion, education and marital status) asso-
ciated with smoking from the overall analysis among men.
Regression analysis of associations between migration-related factors and smoking were
restricted to male first generation migrants. Due to the few female Ghanaian smokers (n = 28),
regression analysis for factors associated with current smoking was not performed.
Results
Study population
In total 6,385 Ghanaians agreed to participate across all study locations. From 5,659 partici-
pants who attended the physical examination, 5,265 with data on smoking were included in
this analysis (Fig 1).
There were no statistically significant differences in the age, gender, marital status and edu-
cational level of persons who did and who did not provide information on smoking status
(n = 394). The sample comprised 62.3% of women and 37.7% of men. Men (mean age,
46.9 ± SD 11.1) were slightly older than women (45.8 ± SD 10.7), p<0.001. Most participants
were married except in Amsterdam (Table 1). In London, most participants were highly edu-
cated and worked in non-manual full-time occupations. The majority practiced Christianity.
Most first generation migrants settled in the European cities between 25 and 35 years (50.6%
of men and 44.5% of women), and the median duration of residence in Europe was 18 years.
Smoking prevalence
The prevalence of smoking was lower in Ghana (1.5%) than Europe (4.2%), p<0.001, in men,
4.8% and 7.8% respectively, p<0.01. Fig 2 shows the age-standardized prevalence rates of cur-
rent and ex-smokers among Ghanaians in each location of residence for men, and Fig 3 for
women.
Current smoking was most common among Ghanaian men in Berlin (14.8%; 95% CI
10.8% to 18.9%) followed by Amsterdam (7.8%; 95% CI 5.4% to 10.0%), rural Ghana (6.2%;
95% CI 3.6% to 8.6%) and urban Ghana (3.4%; 95% CI 1.6% to 5.3%). Smoking was much less
common in men in London (1.4%, 95% CI 0.2% to 2.6%).
For women, current smoking was, again, most common in Berlin (3.3%; 95% CI 1.0% to
5.5%), followed by Amsterdam (3.2%; 95% CI 1.0% to 5.4%), London (0.2%, 95% CI -0.2%
to 0.6%), and urban Ghana (0.1%, 95% CI -0.1% to 0.2%) while no women smoked in rural
Ghana.
Patterns of smoking and ex-smoking. Current smokers smoked a median of 5 (95% CI,
4–6) cigarettes per day. The median length of time ex-smokers smoked before quitting was 7
years (95% CI, 5–10) for men and 3 years (95% CI, 2–6) for women. Most ex-smokers quitted
Impact of migration on smoking among Ghanaians: The RODAM study
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smoking more than a decade ago (66.2%). Approximately 6% of all ex-smokers recently quit-
ted smoking (less than 1 year previously).
Factors associated with smoking among men
After adjusting for age, marital status, education and employment, residence, marital status,
living arrangements, religion practiced, frequency of attending religious services and educa-
tional level were associated with current smoking (Table 2). Within Ghana, there was no dif-
ference in smoking prevalence by location.
Men in Europe were 1.9 times more likely to smoke than men in Ghana but smoking preva-
lence in Ghana and London was similar. In contrast, men in Amsterdam and Berlin were 1.7
times and 3.8 times, respectively, more likely to smoke than men in Ghana.
Divorced or widowed men were 1.7 times more likely to smoke than married or cohabitat-
ing men (Table 2). Men living alone were 2.9 times more likely to smoke than men who lived
with children. Further positively associated factors included Islam religion, rare attendance at
religious services, and lower secondary or no education.
Interactions with location. The effect of location (Ghana vs Europe) on smoking differed
significantly with gender (p<0.001). Ghanaian women in Europe were 12 times more likely to
smoke than women in Ghana (PR 12.42; 95% CI, 1.34, 115.35), while this difference was only
2-fold for men (PR 1.99; 95% CI, 1.26–3.14) after adjusting for age, marital status, education,
and employment.
Fig 1. Flow chart showing inclusion of RODAM participants in smoking analysis.
https://doi.org/10.1371/journal.pone.0177291.g001
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Table 1. Socio-cultural and migration-related characteristics of male and female Ghanaians in each study location.
Characteristics Rural Ghana
N = 973
Urban Ghana
N = 1400
London N = 949 Amsterdam
N = 1400
Berlin N = 543
Men Women Men Women Men Women Men Women Men Women
Number of participants, N 381 592 392 1008 362 587 553 847 297 246
Age, Mean (SD) 46.2
(12.8)
46.5
(12.5)
46.6
(11.8)
44.7
(11.2)
46.5
(10.8)
47.7
(10.5)
48.6
(9.3)
45.5
(8.7)
45.8
(11.1)
44.6
(9.3)
Marital status, n (%)
Married or registered partnership 250
(65.6)
300
(50.7)
284
(72.5)
527
(52.3)
281
(77.6)
335
(57.1)
137
(24.8)
134
(15.8)
143
(48.2)
117
(47.6)
Cohabitating (living together) 66
(17.3)
91 (15.4) 24 (6.1) 91 (9.0) 6 (1.7) 15 (2.6) 133
(24.1)
157
(18.5)
31
(10.4)
15 (6.1)
Unmarried (never married) 27 (7.1) 21 (3.6) 59
(15.1)
77 (7.6) 35 (9.7) 62 (10.6) 154
/(27.9)
243
(28.7)
77
(25.9)
39 (15.9)
Divorced or separated 32 (8.4) 84 (14.2) 21 (5.4) 171
(17.0)
15 (4.1) 118
(20.1)
119
(21.5)
286
(33.8)
44
(14.8)
68 (27.6)
Widow/widower 5 (1.3) 94 (15.9) 3 (0.8) 136
(13.5)
3 (0.8) 29 (4.9) 3 (0.5) 11 (1.3) 0 (0.0) 6 (2.4)
Highest level of education, n (%)
Never been to school or elementary schooling
only
158
(41.5)
396
(66.9)
92
(23.5)
522
(51.8)
16 (4.4) 66 (11.2) 122
(22.1)
359
(42.4)
18 (6.1) 29 (11.8)
Lower vocational schooling or lower secondary
schooling
146
(38.2)
164
(27.7)
176
(44.9)
371
(36.8)
102
(28.2)
198
(33.7)
235
(42.5)
277
(32.7)
142
(47.8)
135
(54.9)
Intermediate vocational schooling or intermediate
higher secondary schooling
54
(14.2)
19 (3.2) 85
(21.7)
88 (8.7) 67
(18.5)
162
(27.6)
143
(25.9)
161
(19.0)
84
(28.3)
62 (25.2)
Higher vocational schooling or university 23 (6.0) 12 (2.0) 38 (9.7) 27 (2.7) 168
(46.4)
148
(24.2)
49 (8.9) 33 (3.9) 52
(17.5)
19 (7.7)
Religion, n (%)
Christian-based religion 197
(51.7)
365
(61.7)
234
(59.7)
635
(63.0)
295
(81.5)
517
(88.1)
398
(72.0)
653
(77.1)
185
(62.3)
217
(88.2)
Islamic 35 (9.2) 23 (3.9) 41
(10.5)
99 (9.8) 0 (0.0) 0 (0.0) 16 (2.9) 16 (1.9) 18 (6.1) 2 (0.8)
Other religion 22 (5.8) 39 (6.6) 6 (1.5) 28 (2.8) 14 (3.9) 13 (2.2) 31 (5.6) 53 (6.3) 5 (1.7) 4 (1.6)
Frequency of attending religious services, n
(%)
Once a week 226
(59.3)
388
(65.5)
260
(66.3)
731
(72.5)
280
(77.4)
492
(83.8)
304
(55.0)
571
(67.4)
304
(55.0)
175
(71.1)
Less than once a week 24 (6.3) 34 (5.7) 15 (3.8) 32 (3.2) 28 (7.7) 27 (4.6) 102
(18.4)
112
(13.2)
102
(18.4)
41 (16.7)
Never 2 (0.5) 3 (0.5) 6 (1.5) 1 (0.1) 0 (0.0) 2 (0.3) 27 (4.9) 21 (2.5) 27 (4.9) 5 (2.0)
Employment status, n (%)
Employed 340
(89.2)
535
(90.4)
336
(85.7)
856
(84.9)
305
(84.3)
437
(74.5)
390
(70.5)
450
(53.1)
213
(71.7)
151
(61.4)
Unemployed 40
(10.5)
56 (9.5) 56
(14.3)
152
(15.1)
48
(13.3)
135
(23.0)
160
(28.9)
373
(44.0)
82
(27.6)
94 (38.2)
Occupational class, n (%)
Non-manual 46
(12.1)
69 (11.7) 122
(31.1)
364
(36.1)
202
(55.8)
328
(55.9)
84
(15.2)
100
(11.8)
78
(26.3)
78 (31.7)
Manual 320
(84.0)
486
(82.1)
260
(66.30
569
(56.5)
120
(33.2)
201
(34.2)
316
(57.1)
373
(44.0)
182
(61.3)
135
(54.9)
Immigrant generation, n (%)
First n/a n/a n/a n/a 350
(96.7)
563
(95.9)
544
(98.4)
841
(99.3)
295
(99.3)
245
(99.6)
Second n/a n/a n/a n/a 12 (3.3) 21 (3.6) 8 (1.5) 6 (0.7) 2 (0.7) 1 (0.4)
(Continued )
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No other significant interactions between location and religion, education and marital sta-
tus were present.
Migration-related factors and smoking
Among first generation men who migrated to Europe at the age of 25 or older, duration of res-
idence and age of migration were not significantly associated with smoking (Table 2). Men
Table 1. (Continued)
Characteristics Rural Ghana
N = 973
Urban Ghana
N = 1400
London N = 949 Amsterdam
N = 1400
Berlin N = 543
Men Women Men Women Men Women Men Women Men Women
Duration of years of residence in European
area among first generation migrants, Median
(95% CI)
n/a n/a n/a n/a 13 (13,
14)
15 (14,
16)
22 (20,
23)
19 (19,
20)
18 (16,
20)
18 (16,
21)
Age at first migration, Median (95% CI) years n/a n/a n/a n/a 29 (28,
31)
28 (27,
30)
29 (29,
30)
27 (26,
28)
28 (27,
29)
26 (25,
27)
Age group at first migration among first
generation migrants, n (%)
n/a n/a n/a n/a
>25 years n/a n/a n/a n/a 247
(70.6)
346
(61.5)
413
(75.9)
551
(65.5)
213
(72.2)
151
(61.6)
16–25 years n/a n/a n/a n/a 68
(19.4)
156
(27.7)
59
(16.4)
185
(22.0)
65
(22.0)
77 (31.4)
Less than 16 years n/a n/a n/a n/a 13 (3.7) 23 (4.1) 33 (6.1) 82 (9.8) 12 (4.1) 12 (4.9)
n/a- not applicable
https://doi.org/10.1371/journal.pone.0177291.t001
Fig 2. Age-standardized prevalence of current and ex-smokers among men.
https://doi.org/10.1371/journal.pone.0177291.g002
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whose cultural orientation showed signs of assimilation were more likely to smoke than inte-
grated men. Ethnic identity and social networks were not associated with smoking.
Smoking initiation and migration. Among the 88 current smokers who were first gener-
ation migrants and migrated at age 25 or older, the majority started smoking while living in
Europe (Table 3). 57.1% of men started smoking in Amsterdam but in Berlin, 51.4% had
started smoking before migrating. Among women, 53.6% of women started smoking in
Amsterdam. No one smoked before going to London. Of the women who were smokers in
Berlin, 2 started smoking in Ghana and the other 2 in Berlin respectively.
Discussion
Key findings
Smoking is remarkably uncommon among Ghanaians when compared to European popula-
tions, and particularly so for Ghanaians in their home country. Among women, smoking in
Ghana and London is almost non-existent and still rare in Amsterdam and Berlin. Among
men, the prevalence of smoking is higher in Amsterdam and Berlin (but not in London) than
in Ghana but, overall, far below the European average. More than half of first generation men
and the majority of women started smoking in Europe. All smokers were light smokers.
Among Ghanaian men in Europe, migration-related factors including duration of residence
and age at migration were not associated with smoking. Assimilation in the context of cultural
orientation was associated with an increase in smoking, but not in other measures including
ethnic identity or social networks.
Fig 3. Age-standardized prevalence of current and ex-smokers among women.
https://doi.org/10.1371/journal.pone.0177291.g003
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Table 2. Factors associated with current smoking among Ghanaian men in all locations.
Total men Current smokers
Characteristics n (%) Adjusted for age only PR
(95% CI)
Adjusted for age, marital status, education and
employment PR (95% CI)
All men N = 1985
Age group
25–34 368 20 (5.4) 1.00* 1.00
35–44 428 27 (6.3) 1.16 (0.66, 2.03) 1.15 (0.64, 2.07)
45–54 638 46 (7.2) 1.33 (0.80, 2.21) 1.23 (0.71, 2.13)
55–70 551 36 (6.5) 1.20 (0.71, 2.04) 1.08 (0.60, 1.93)
Site
Rural Ghana 381 22 (5.8) 1.00 1.00
Urban Ghana 392 13 (3.3) 0.57 (0.29, 1.12) 0.64 (0.33, 1.27)
Both urban and rural Ghana 773 35 (4.5) 1.00 1.00
London 362 5 (1.4) 0.30 (0.12, 0.77) 0.56 (0.21, 1.49)
Amsterdam 553 45 (8.1) 1.75 (1.14, 2.70) 1.74 (1.02, 2.96)
Berlin 297 44 (8.1) 3.26 (2.13, 4.99) 3.81 (2.35, 6.16)
All European locations 1212 94 (7.8) 1.69 (1.15, 2.47) 1.91 (1.27, 2.88)
Marital status
Married or cohabitating 1095 57 (5.2) 1.00 1.00
Never married 260 16 (6.2) 1.22 (0.71, 2.08) 0.99 (0.57, 1.74)
Divorced or widowed 597 56 (9.4) 1.93 (1.32, 2.82) 1.71 (1.15, 2.53)
Household
Living with children 417 16 (3.8) 1.00 1.00
Living alone 157 23
(14.7)
3.98 (2.08, 7.59) 2.88 (1.51, 5.48)
Living with family or other adults 266 23 (5.7) 2.36 (1.24, 4.49) 1.86 (0.99, 3.51)
Religion
Christian-based religion 1309 53 (4.1) 1.00 1.00
Islam religion 110 12
(10.9)
2.73 (1.51, 4.94) 2.43 (1.30, 4.54)
Other religions or faiths 78 5 (6.4) 1.57 (0.65, 3.82) 1.60 (0.65, 3.89)
Frequency of attending religious
services*
Once a week or more 1200 45 (3.8) 1.00 1.00
Less than once a week 236 20 (8.5) 2.28 (1.37, 3.79) 1.98 (1.16, 3.36)
Never 46 4 (8.7) 2.27 (0.84, 6.15) 2.28 (0.82, 6.33)
Education
Lower vocational and below 1207 96 (8.0) 1.00 1.00
Intermediate vocational/ higher secondary 433 28 (6.5) 0.82 (0.54, 1.24) 0.85 (0.56, 1.28)
Higher vocational school/ university 330 5 (1.5) 0.19 (0.08, 0.48) 0.23 (0.09, 0.58)
Employment
Employed 1584 94 (5.9) 1.00 1.00
Unemployed 386 33 (8.6) 1.48 (1.00, 2.18) 1.33 (0.89, 1.98)
Occupational class
Non-manual 532 25 (4.7) 1.00 1.00
Manual 1198 78 (6.5) 1.36 (0.88, 2.12) 0.91 (0.58, 1.41)
First generation menα N = 1678α
Duration of residence in European area
(years)
n/a n/a 1.01 (0.98, 1.03) 1.10 (1.00, 1.21)
(Continued )
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Discussion of key findings
The prevalence of smoking among migrant Ghanaian populations showed patterns of conver-
gence to the European population since it reflected the ranking of smoking among adults in
the respective locations. Smoking prevalence was highest in Berlin, followed by Amsterdam
Table 2. (Continued)
Total men Current smokers
Characteristics n (%) Adjusted for age only PR
(95% CI)
Adjusted for age, marital status, education and
employment PR (95% CI)
Duration of residence in European area
(categories)
Less than 10 years 224 20 (8.9) 1.00 1.00
10 to 19 years 285 17 (6.0) 0.90 (0.40, 2.06) 0.93 (0.41, 2.09)
20 to 29 years 302 24 (8.0) 1.08 (0.47, 2.47) 0.92 (0.39, 2.16)
30 or more years 62 10
(16.1)
2.10 (0.76, 5.80) 1.68 (0.58, 4.87)
Age at first migration (years) n/a n/a 0.98 (0.65, 1.02) 0.99 (0.95, 1.03)
Acculturation: Cultural Orientation
Integration 685 54 (7.9) 1.00 1.00
Assimilation 6 3 (50.0) 6.77 (3.25, 14.11) 9.51 (3.36, 26.92)
Separation 214 15 (7.0) 0.90 (0.52, 1.56) 0.61 (0.35, 1.09)
Marginalization 4 1 (25.0) 3.07 (0.60, 15.78) 1.09 (0.28, 4.29)
Acculturation: Ethnic identity
Integration 481 41 (8.5) 1.00 1.00
Assimilation 19 0 (0.0) - -
Separation 371 30 (8.1) 0.94 (0.60, 1.48) 1.02 (0.65, 1.61)
Marginalization 38 2 (5.3) 0.70 (0.17, 2.82) 1.28 (0.32, 5.15)
Acculturation: Social Network
Integration 512 37 (7.2) 1.00 1.00
Assimilation 147 12 (8.2) 1.07 (0.57, 2.01) 1.12 (0.59, 2.14)
Separation 155 15 (9.7) 1.33 (0.75, 2.36) 1.23 (0.69, 2.19)
Marginalization 95 9 (9.5) 1.31 (0.66, 2.62) 1.25 (0.62, 2.52)
*Only age in the model;
n/a-not applicable;
α first generation migrants who migrated after age 25 years
https://doi.org/10.1371/journal.pone.0177291.t002
Table 3. Period when first generation current smokers started smoking by gender and European location of residence (restricted to those who
migrated after age 25).
Gender Period when started smoking Amsterdam n (%) Berlin n (%) London n (%) All European Locations n (%)
Men Total current smokers 35 35 3 73
Before migration* 15 (42.9) 18 (51.4) 0 (0.0) 33 (45.2)
After migration** 20 (57.1) 17 (48.6) 3 (100.0) 40 (54.8)
Women Total current smokers 11 4 0 (0.0) 15
Before migration* 4 (36.4) 2 (50.0) 0 (0.0) 6 (40.0)
After migration** 7 (63.6) 2 (50.0) 0 (0.0) 9 (60.0)
*assuming when in Ghana;
**while residing in European location
https://doi.org/10.1371/journal.pone.0177291.t003
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and London. Recent national estimates indicated smoking prevalence in men and women of
33% and 27% in Germany,[20] of 29% and 23% in the Netherlands,[21] and of each 22% in the
UK.[21] The Office for National Statistics 2015 data for the UK reported 19.3% of men and
15.3% of women smoked cigarettes.[22] The finding that smoking was substantially lower
among men in London compared to Amsterdam and Germany is striking, since a prevalence
of 14.3% for current cigarette smoking was observed for SSA migrant men in the UK and
Wales in general.[14] This discrepancy supports the importance of collecting data on country
of birth/ethnicity in population surveys and routine data,[23] since the heterogeneity of the
population contributes to loss of details which are useful for preparing targeted interventions.
[24]
The low prevalence of smoking among Ghanaian men in Ghana corresponded to data in
neighbouring West African countries including Nigeria,[25] and Benin,[26] as well as in Ethi-
opia and Sao Tome & Principe.[26] These similarities may relate to the substantial Christian
population.[27] In other SSA countries, the smoking prevalence in men is much higher,[26]
possibly due to cultural attitudes and ethnic compositions. The very low smoking prevalence
among women in Ghana accords with previous studies,[5] and in most other SSA countries
suggesting a widespread cultural norm discouraging women from smoking.[3]
Most first generation migrant smokers started smoking only in Europe alluding to respec-
tive influences of the European environment with its substantially greater proportion of smok-
ers in native European populations. Smokers usually begin smoking before 18 years.[28]
Interestingly, the average age of migration among Ghanaian men who smoked in Europe was
29 years (95% CI: 27 to 30). This indicated that smoking began on average much later among
the 54.8% of male smokers in Europe, as compared to European-origin populations.[29] The
smoking initiation at a later age among Ghanaian migrants in Europe is consistent with the
patterns of smoking in Ghana, where smoking was more common among older age groups.[5]
More non-smokers migrated to London as compared to Amsterdam and Berlin, suggesting
selective movement of Ghanaian smokers and non-smokers between the locations.[30] It
might be that the non-smokers may have migrated to London for reasons such as education
and employment opportunities as was supported by the higher proportion of highly educated
participants in London than Berlin and Amsterdam (46%, 17.5% and 8.7% of men respec-
tively). This suggests the non-smokers were probably more economically capable of migrating
to London than smokers who may be of lower socio-economic status.
Within Europe, the link between assimilation and smoking was inconsistent as it was only
present for cultural orientation and not for measures of ethnic identity and social behaviour.
The difference in smoking prevalence between Ghanaian women in Ghana and Europe hinted
to the influence of Western lifestyles (a form of unhealthy assimilation).[31] Other research
showed that strong ethnic pride and identity can be protective against unhealthy behaviours
including smoking.[32] The inconsistency of our findings regarding the impact of accultura-
tion suggests that any form of convergence is halted in the Ghanaian migrant community but
requires further elucidation. This implies that those protective factors comprising beliefs asso-
ciated with Christianity, family values, and collectivism are still influential in the Ghanaian
migrant community.
In the USA, assimilation created a negative effect on quitting for immigrants from countries
with lower smoking rates than USA, while this positively influenced quitting for immigrants
from countries with higher smoking rates than USA.[31] Although Ghana has lower smoking
rate than Europe, we found no conclusive support assimilation’s effect on increased smoking
in the Ghanaian community.
Higher smoking among Islamic Ghanaian men was consistent with the substantially increased
prevalence of smoking in Islamic populations globally.[33] The once neutral position on smoking
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in the Islamic world may contribute to the higher rates still observed today.[33] Even though,
respective discouragement is increasing also in the Islamic community.[34]
Being divorced or widowed accompanied increased prevalence of smoking compared to
married men. Marriage or cohabitating has been linked to better health through its support
(financial, psychological, social) for healthier behaviours.[35, 36] This falls in line with our
finding that living with a child or children in the household prevents smoking.
Higher levels of education accompanied lower prevalence of smoking compared to men
with lower levels of education. This supports presence of a socio-economic gradient for smok-
ing,[37] even among immigrant males.[38] This pattern corresponds to the last stages of the
smoking epidemic rather than the initial stages, where smoking is more common among
higher educational groups. This observation suggested that the smoking epidemic had already
peaked among Ghanaian men, despite their lower prevalence and consumption rates as com-
pared to native European populations. Since the most highly educated male Ghanaians lived
in London, this may explain part of the lower prevalence of smoking reported in London itself
given the trends discussed previously. Possibly suggesting that a type of selective migration
may have occurred among Ghanaian men with different kinds of people migrating to London
than to Amsterdam and Berlin or for different reasons education being a major one of them.
Strengths and limitations
This study’s strengths include the restriction to a relatively homogenous population of Gha-
naians. In many studies on smoking, persons of African ancestry are often combined due to
uncertainty on the actual origin. Using standardised questions across all sites removed the
problem of variable smoking definitions. Standard population-based recruitment strategies
were employed. Selection bias may result from the recruitment of many participants from
churches in London and Berlin, and Christians may be over-represented. However, the major-
ity of the population of Ghana practices Christianity (71.2%), with smaller proportions practic-
ing Islam (17.6%), mostly in the North of the country) or traditional religions (5.2%).[39]
Future work should explore potential options and their feasibilities in recruiting SSA migrant
populations in European countries where population registers for these populations are lack-
ing, for example name algorithms or more focused enumeration using ethnic group/country
of birth at the Lower Layer Super Output Areas level.[40] Smoking may be under-reported in
our study population due to a tendency towards responses considered socially desirable.[41,
42] The use of objective measures to confirm smoking status, such as urine analysis of nicotine
metabolites, unfortunately was not conducted.[43] The small number of smokers impaired the
preciseness of some of the estimates on smoking risk factors. However, the sample size was suf-
ficient to detect a significant difference in smoking prevalence by location. Key parameters of
respondents and non-respondents did not differ significantly.
Implications
This study draws attention to environmental or societal influences on the smoking behaviour
of ethnic minority groups from SSA in high-income European countries. Although smoking is
still rare among Ghanaian women, their higher taking up of smoking as compared to males
points to the vulnerability of female migrants and ethnic minority groups in high-income
countries. Particular attention should be placed on migrants from countries with low smoking
prevalence.
Higher rates of smoking upon migration may further increase the burden of tobacco-
related diseases including cardiovascular disease and diabetes among ethnic minority migrant
populations in Europe.[44, 45] Although this may not be realised among Ghanaian women
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since their smoking prevalence and intensity rates are substantially lower compared to native
European women. Longitudinal studies following up migrant populations, which track the
change in smoking status would be ideal for answering the question on the impact of migra-
tion on smoking behaviour.
Conclusions
Smoking behaviour among this migrant population is multifactorial in nature, with exposure
to a high smoking environment having a strong influence although rates are still far below the
European populations. Research on the impact of location on women’s attitude towards smok-
ing would help elucidate the societal factors underlying the lower smoking uptake in some
locations and higher in others.
Supporting information
S1 Checklist. Research checklist.
(DOC)
Acknowledgments
The authors are very grateful to the advisory board members for their valuable support in
shaping the methods, to the research assistants, interviewers and other staff of the five research
locations who have taken part in gathering the data and, most of all, to the Ghanaian volun-
teers participating in this project.
Author Contributions
Conceptualization: RB JA LS.
Formal analysis: RB.
Methodology: RB JA LS CA AEK KM EB EO KK SB FPM SA CG ADA MBS ID.
Project administration: JA LS CA AEK KM EB EO KK SB FPM SA CG MBS ID.
Resources: EB CA KM.
Visualization: RB JA LS CA AEK KM EB EO KK SB FPM SA CG MBS ID.
Writing – original draft: RB JA LS.
Writing – review & editing: RB JA LS CA AEK KM EB EO KK SB FPM SA CG MBS ID.
References
1. U.S Department of Health and Human Services. The health consequences of smoking- 50 years of
progress. A report of the Surgeon General. Atlanta, GA: U.S. Department of Health and Human Ser-
vices, Centers for Disease Contol and Prevention, National Center for Chronic Disease Prevention and
Health Promotion, Office on Smoking and Health, 2014.
2. World Health Organization. WHO report on the global tobacco epidemic, 2015 raising taxes on tobacco.
2015.
3. Brathwaite R, Addo J, Smeeth L, Lock K. A systematic review of tobacco smoking prevalence and
description of tobacco control strategies in sub-Saharan African countries; 2007 to 2014. PLoS ONE.
2015; 10(7):e0132401. https://doi.org/10.1371/journal.pone.0132401 PMID: 26162085
4. World Health Organization Regional Office for Europe. European tobacco control status report 2014.
2014.
Impact of migration on smoking among Ghanaians: The RODAM study
PLOS ONE | https://doi.org/10.1371/journal.pone.0177291 May 5, 2017 13 / 15
5. Owusu-Dabo E, Lewis S, McNeill A, Gilmore A, Britton J. Smoking uptake and prevalence in Ghana.
Tob Control. 2009; 18(5):365–70. https://doi.org/10.1136/tc.2009.030635 PMID: 19581276
6. Reiss K, Sauzet O, Breckenkamp J, Spallek J, Razum O. How immigrants adapt their smoking behav-
iour: comparative analysis among Turkish immigrants in Germany and the Netherlands. BMC Public
Health. 2014; 14:844. Epub 2014/08/16. https://doi.org/10.1186/1471-2458-14-844 PMID: 25124365
7. Reiss K, Lehnhardt J, Razum O. Factors associated with smoking in immigrants from non-western to
western countries—what role does acculturation play? A systematic review. Tobacco induced diseases.
2015; 13(1):11. Epub 2015/04/25. https://doi.org/10.1186/s12971-015-0036-9 PMID: 25908932
8. Klumbiene J, Sakyte E, Petkeviciene J, Prattala R, Kunst AE. The effect of tobacco control policy on
smoking cessation in relation to gender, age and education in Lithuania, 1994–2010. BMC Public
Health. 2015; 15:181. Epub 2015/04/18. https://doi.org/10.1186/s12889-015-1525-8 PMID: 25886060
9. Hiscock R, Bauld L, Amos A, Fidler JA, Munafo M. Socioeconomic status and smoking: a review. Ann N
Y Acad Sci. 2012; 1248:107–23. Epub 2011/11/19. https://doi.org/10.1111/j.1749-6632.2011.06202.x
PMID: 22092035
10. Garrusi B, Nakhaee N. Religion and smoking: a review of recent literature. Int J Psychiatry Med. 2012;
43(3):279–92. Epub 2012/09/18. https://doi.org/10.2190/PM.43.3.g PMID: 22978085
11. Saari AJ, Kentala J, Mattila KJ. The smoking habit of a close friend or family member—how deep is the
impact? A cross-sectional study. BMJ Open. 2014; 4(2).
12. SECKER-Walker R, Gnich W, Platt S, Lancaster T. Community interventions for reducing smoking
among adults (Review). Cochrane Database of Systematic Reviews 2002. 2008;(2 Art. No.:
CD001745.).
13. Bosdriesz JR, Lichthart N, Witvliet MI, Busschers WB, Stronks K, Kunst AE. Smoking prevalence
among migrants in the US compared to the US-born and the population in countries of origin. PLoS
ONE. 2013; 8(3):e58654. https://doi.org/10.1371/journal.pone.0058654 PMID: 23520525
14. Aspinall PJ, Mitton L. Smoking prevalence and the changing risk profiles in the UK ethnic and migrant
minority populations: implications for stop smoking services. Public Health. 2014; 128(3):297–306.
https://doi.org/10.1016/j.puhe.2013.12.013 PMID: 24612958
15. World Health Organization. Data and statistics: Who is smoking? Adults: World Health Organization;
2016 [cited 2016 14 June 2016]. http://www.euro.who.int/en/health-topics/disease-prevention/tobacco/
data-and-statistics/who-is-smoking/adults.
16. Agyemang C, Addo J, Bhopal R, de Graft Aikins A, Stronks K. Cardiovascular disease, diabetes and
established risk factors among populations of sub-Saharan African descent in Europe: a literature
review. Globalization and Health. 2009; 5(1):7.
17. Agyemang C, Beune E, Meeks K, Owusu-Dabo E, Agyei-Baffour P, Aikins Ad-G, et al. Rationale and
cross-sectional study design of the Research on Obesity and type 2 Diabetes among African Migrants:
the RODAM study. BMJ Open. 2014; 4(3).
18. Berry JW. Immigration, acculturation, and adaptation. Applied Psychology. 1997; 46(1):5–34.
19. Stevens GWJM, Pels TVM, Vollebergh WAM, Crijnen AAM. Patterns of psychological acculturation in
adult and adolescent Moroccan immigrants living in the Netherlands. Journal of Cross-Cultural Psychol-
ogy. 2004; 35(6):689–704.
20. Lampert T, von der Lippe E, Mu¨ters S. Verbreitung des Rauchens in der Erwachsenenbevo¨lkerung in
Deutschland. Bundesgesundheitsbl. 2013; 56(5–6):802–8.
21. World Health Organization. WHO report on the global tobacco epidemic, 2013, enforcing bans on
tobacco advertising, promotion and sponsorship. Luxembourg: 2013.
22. Office for National Statistics. Statistical bulletin: Adult smoking habits in the UK: 2015 2015 [cited 2015
15 March]. https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/
healthandlifeexpectancies/bulletins/adultsmokinghabitsingreatbritain/2015.
23. Mathur R, Bhaskaran K, Chaturvedi N, Leon DA, vanStaa T, Grundy E, et al. Completeness and usabil-
ity of ethnicity data in UK-based primary care and hospital databases. J Public Health. 2014; 36(4):684–
92.
24. Agyemang C, Bhopal R, Bruijnzeels M. Negro, Black, Black African, African Caribbean, African Ameri-
can or what? Labelling African origin populations in the health arena in the 21st century. J Epidemiol
Community Health. 2005; 59(12):1014–8. Epub 2005/11/16. https://doi.org/10.1136/jech.2005.035964
PMID: 16286485
25. Tafawa AO, Viswanath K, Kawachi I, Williams DR. Mass media exposure, social stratification, and
tobacco consumption among Nigerian adults. Cancer Causes Control. 2012; 23 Suppl 1:45–55.
26. Sreeramareddy CT, Pradhan PM, Sin S. Prevalence, distribution, and social determinants of tobacco
use in 30 sub-Saharan African countries. BMC Med. 2014; 12(1):1–13.
Impact of migration on smoking among Ghanaians: The RODAM study
PLOS ONE | https://doi.org/10.1371/journal.pone.0177291 May 5, 2017 14 / 15
27. National Profiles [Internet]. [cited 23 May 2016]. http://www.thearda.com/internationaldata/index.asp.
28. United States Department of H, Human Services. Substance A, Mental Health Services Administration.
Center for Behavioral Health S, Quality. National survey on drug use and health, 2014. Inter-university
Consortium for Political and Social Research (ICPSR) [distributor]; 2016.
29. Giovino GA. Epidemiology of tobacco use among US adolescents. Nicotine Tob Res. 1999; 1(Suppl 1):
S31–49.
30. Pearce JR, Dorling D. The influence of selective migration patterns among smokers and nonsmokers
on geographical inequalities in health. Annals of the Association of American Geographers. 2010; 100
(2):393–408.
31. Leung LA. Healthy and unhealthy assimilation: country of origin and smoking behavior among immi-
grants. Health Econ. 2014; 23(12):1411–29. Epub 2013/09/11. https://doi.org/10.1002/hec.2992 PMID:
24019149
32. Castro FG, Stein JA, Bentler PM. Ethnic pride, traditional family values, and acculturation in early ciga-
rette and alcohol use among latino adolescents. The journal of primary prevention. 2009; 30(3–4):265.
https://doi.org/10.1007/s10935-009-0174-z PMID: 19415497
33. Ghouri N, Atcha M, Sheikh A. Influence of Islam on smoking among Muslims. BMJ. 2006; 332
(7536):291–4. https://doi.org/10.1136/bmj.332.7536.291 PMID: 16455732
34. Jibaly M. Smoking: a social poison: Al-Qur’an was-Sunnah Society of North America; 2005 [updated 14
March 2016]. www.qss.org/articles/smoking.html.
35. Hong-Jun C, Khanag Y-H, Hee-Jin J, Kawachi I. Marital status and smoking in Korea: The influence of
gender and age. Soc Sci Med. 2008; 66(3):609–19. https://doi.org/10.1016/j.socscimed.2007.10.005
PMID: 17996346
36. Schoeborn CA. Marital status and health: United States, 1999–2002. Centers for Disease Control and
Prevention, 2004.
37. Wilkinson Richard, Marmot M, editors. Social determinants of health: the solid facts. 2nd ed. Denmark:
World Health Organisation; 2003.
38. Nierkens V, de Vries H, Stronks K. Smoking in immigrants: do socioeconomic gradients follow the pat-
tern expected from the tobacco epidemic? Tob Control. 2006; 15(5):385–91. Epub 2006/09/26. https://
doi.org/10.1136/tc.2006.014902 PMID: 16998173
39. Embassy of Ghana. About Ghana Washington DC, U.S.A2013. http://www.ghanaembassy.org/index.
php?page=population.
40. Office for National Statistics. Neighbourhood Statistics 2011 [cited 2017 15 March]. http://
neighbourhood.statistics.gov.uk/dissemination/LeadAreaSearch.do?a=7&r=1&i=1001&m=0&s=
1489590131933&enc=1&areaSearchText=W37AD&extendedList=false&searchAreas=.
41. Elkind AK. The social definition of women’s smoking behaviour. Soc Sci Med. 1985; 20(12):1269–78.
PMID: 4023761
42. Gorber SC, Schofield-Hurwitz S, Hardt J, Levasseur G, Tremblay M. The accuracy of self-reported
smoking: a systematic review of the relationship between self-reported and cotinine-assessed smoking
status. Nicotine Tob Res. 2009; 11(1):12–24. https://doi.org/10.1093/ntr/ntn010 PMID: 19246437
43. Hald J, Overgaard J, Grau C. Evaluation of objective measures of smoking status—a prospective clini-
cal study in a group of head and neck cancer patients treated with radiotherapy. Acta Oncol. 2003; 42
(2):154–9. Epub 2003/06/13. PMID: 12801134
44. Action on Smoking and Health. Smoking and diabetes. 2015.
45. Agyemang C, Addo J, Bhopal R, de Graft Aikins A, Stronks K. Cardiovascular disease, diabetes and
established risk factors among populations of sub-Saharan African descent in Europe: a literature
review. Globalization and Health. 2009; 5:7-. https://doi.org/10.1186/1744-8603-5-7 PMID: 19671137
Impact of migration on smoking among Ghanaians: The RODAM study
PLOS ONE | https://doi.org/10.1371/journal.pone.0177291 May 5, 2017 15 / 15
